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1 ‘i (i 

This invention relates to machine tools, and 
particularly to ?uid operable actuating circuits 
for machine tools. 
In machine tools when work members, are cut 

to predetermined sizes, there, are generally two 
movements; the relative movement between the 
cutting member 
ing movement by which the cutter and workpiece 
are advanced together. In most instances the, 
first mentioned movement is carried out at a rate 
of speed which is determined'by the characteris 
tics of the cutter being employed and the mate 
rial being cut thereby. 
This speed of movement is generally known as 

the cutting speed and is fairly well-determined 
for. any particular combination of tool and mate 

_' rial. 
The feeding movement is the movement of the 

tool into or along the work as, for example, the 
advancing of a drill axially into a workpiece, or 
the movement of a lathe tool longitudinally along 
the workpiece. Generally, it is desirable that 
the feeding movement be carried out, at a maxi 
mum rate of speed for economical production. 
However, if the feeding movement is carried 

at too high a rate ofvspeed then the cutting e?l 
ciency of the tool decreases and it has a tend 
ency to tear the material being worked or to dig 
into the said material and to stall either the tool 
or the work, whichever is in motion to produce 
the cutting movement. ' 
The particular object 

is to automatically determine the optimum feed 
rate for a machine tool in which there is a c'ut- - 
ting member operating on a workpiece. ' I 
A still further object of this invention is to 

provide a hydraulic actuating circuit for a ma 
chine tool wherein the rate of travel of the tool 
and workpiece relatively in the feeding direc 
tion is automatically determined‘ by the resist 
ance which the tool encounters in cutting the 
work. ' ' ' > 

A further object is the provision of a feed driv 
ing motor for a machine tool such that the rate 
of feed will be diminished. and may even be re 
versed, when the load on the tool exceeds a pre 
determined amount. , _ 

It is also an object of this invention to pro 
vide a machine tool having hydraulically op-_ 
erated spindle and feed motors wherein the 
speed of at least one thereof is selectively adjust 
able, and the speed of 
responsive to loads acting on the spindle motor. 

It is also an object of this invention to provide . 
a method of operating a machine tool which leads 

and the workpiece, and a feed- ~_ 

10 

to the most economical working conditions and 
which is adaptable to a ‘plurality of types of ma 
chines. 
These and other objects and advantages will ' 

become more apparent upon reference to the fol 
lowing description taken in connection with the 
accompanying drawings in which: 

Figure l is a diagrammatic view or a drill press 
having an actuating circuit according to this in 
vention; - ' ' 

Figure 2 is. a plan section indicated by the line 
. 2-:2 on Figure 1 and showing the means for key 

15 

of the present invention \ I. 

40 

45 

50 

at least the feed motor is 1 
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mg the drill press column against rotation dur 
ing its reciprocatory movements; and 

Figure 3 is a diagrammatic view showing a 
lathe type tool having an actuating circuit ac 
cording to this invention. 

General arrangement 7 > 

In general, a machine tool adapted-for being 
operated by an actuating circuit according to this 
invention, and to practice the methods of opera 
tion thereof. comprises a ?rst motor adapted for 
rotating either the tool or the work to be cut,.and 
a second motor adapted for moving the said tool 
and work relatively in a feed direction. 
According to this invention, 

variable delivery is connected to drive the first 
motor. The rate of ?uid ?ow from the spindle 
motor is utilized for adjusting the delivery of the 

in order to maintain the 
the said spindle motor sub 

?uid source thereto 
speed of operation of 
stantially constant. 1 
The rate of ?ow through the spindle motor is 

also utilized for controlling the delivery of ?uid 
to the feeding motor in its feeding direction 
either through valve mechanism or 'by directly 
biasing the said motor. The delivery pressure to 
the spindle motor is utilized for controlling the 
supply of ?uid to the feed motor in its retracting 
direction, also either by valve mechanism or by 
directly biasing the said motor. Thus, the rate 
of movement of the 
the pressure drop across the spindle motor and, 
as the said drop increases, indicating an increase 
in load on the spindle motor, the rate or move- ’ 
ment of the feed motor decreases, andmay even 

cease orbe reversed. , , According to the ?rst embodiment of this in 

vention the spindle motor is mounted on a re 
ciprocating ram and the ram 
retracting means whichform the feed motor‘. 

According to another embodiment both the 
spindle and feed motors are rotary and are in 
dependently moui‘ited as, for example, in a 

a ?uid source of I 

feed motor is determinedv by ' 

has advancing and‘ 
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lathe. ‘Preferably, a single ?uid source is used 
' for actuating both motors but there may be em 
ployed, as shown in connection with the second 
modi?cation, separate ?uid sources for the two 
motors with the delivery to the feed motor from 
its source being controlled by the pressure drop 
across the spindle motor. 

Structural arrangement of the ?rst embodiment 

Referring to Figure 1, there is shown a drill 
press type machine tool having a frame it) at the, 
upper end of which is mounted a cylinder it 
within which reciprocates the ram it forming 

SI 

10 

with the said cylinder the ram advancing means " 
i6 and the ram retracting means it. On the 
lower end of the ram there is carried a rotary 
spindle motor 20 to which ?uid is supplied under 
pressure by a conduit 22 and from which ?uid is 
conducted to exhaust by a conduit 2%. The 
motor 2t has. the rotatable element 26 which is 
adapted for mounting a tool as, for example, 

If 

the conduits B8 and 58, also connects the con 
duit 14 ‘with the pressure conduit 46 to pro 
vide a supply of pressure ?uid to the reversing 
valve 68. ' 

Operation of the first embodiment 
In operation, let it be assumed that all of the 

valves are in the position shown in Figure l and 
that the spindle motor 20 is operating to drive 
the drill 28 in rotation. The delivery of the ?uid 
source to the spindle motor is regulated by the 

~ pressure standing in the conduit 24 due to the 

20 

the drill 28. For preventing rotation oi’ the ram ~ 
due to the rotative action of the motor 2d, there 
may be key means indicated at be and best shown 
in Figure 2 which guides the ram in pure recipro 
catory movements in the machine tool frame. 
The drill 2B is adapted for operating on a 

workpiece 32 which is suitably carried on a work 
piece support 34% rigid with the frame id. 
A ?uid source at as supplies actuating ?uid to 

the spindle and feed motors and is continuously 
urged toward maximum. delivery position by a 
spring 38 and also has a'piston lid adapted in 
response to pressure conveyed thereto to coun 
teract the spring 38 and to move the source to 
ward reduced delivery position. The ?uid source 
draws actuating fluid from the tank 152 through a 
conduit Aid and discharges ?uid under pressure 
into the conduit dd. The conduit 556 is connected 
directly with the conduit 22 through a shut-oil 
valve 63 and is also connected with one port of a 
selector valve 50. - 

The valve 50 includes a movable valve member 
52 which may be positioned, as shown, to inter 
connect the conduit 46 with the conduit 5d while 
also interconnecting the conduits b6 and 68. The 
conduit 56 leads to the inlet of an adjustable 
choke valve 60 which discharges to the tank [32. 
The inlet of the choke valve Gil is also connected 
with the conduit 24 and the plunger 40 01' the 
?uid sourceiili. 
Returning to the valve imthe conduit 55 is a 

connected, with the feed motor retracting means 
i8 through the adjustable choke valve 62 and the 
check valve 64 which bypasses the said choke valve 
toward the said retracting means. Between the 
said choke and check valves and the retracting 
means l8, there is a branch conduit 66 leading 
to a reversing valve 68. The conduit 58 leads 
from the valve 50 to the feed motor advancing 
means l6 and has a branch conduit ‘Ill also lead 
ing to the reversing valve 68., 
The said reversing valve has exhaust connec 

. tions as at 12 leading directly to the tank 42, and 
a pressure inlet port which is connected by a 
conduit 14 with the selector valve 50. The re 

I iversing valve 68 has a valve member 18 therein 
movable selectively into position to connect either 
of the conduits 10 or“ with the conduit ‘I4 while 
connecting the other thereof with ‘the exhaust 
conduit 12, or into an intermediate position 
wherein both the conduits ‘l0 and 66 are discon 
nected. ' 

The valve member 52 of the selector valve 
50, when moved into position to interconnect 

40 

pl 

60 

restriction to ?uid ?ow therethrough offered by 
the choke valve 60. This pressure acts on the 
plunger 40 and varies the delivery of the ?uid 
source 36 so that the speed of operation of the 
spindle motor 20 is substantially constant. Ad 
justments for di?’erent types of material, differ 
ent tools, etc., may be made by adjusting the 
valve member of the valve 6d. 
The pressure in the conduit ‘iii, which is the 

pressure standing on the working side of the 
motor 2b is also conveyed through the valve 50, 
conduit 55 and check valve 65 to the retracting 
means is of' the ram id. The pressure at the 

._ inlet of the choke ill) which is the pressure at 
the exhaust side of the motor 28 and also the 
pressure acting on the plunger lid, is conveyed 
through the conduit 58, the valve 56 and the con 

36 duit 58 to the advancing means 56 of the ram iii. 
Inasmuch as the advancing means it has a 

substantially greater area than the retracting 
means it, the ram will be biased downwardly in 
its feed directiom During the downward move 
ment of the ram fluid expelled from the retract 
ing means thereof will pass through the choke 
valve‘ 62 and the setting thereof will determine 
the speed of the feeding movement of the ram. 

If the load on the tool increases due to an ex 
cessive feed rate, the motor M will tend to slow 
down thereby increasing the pressure in the con 
duit db and decreasing the pressure in the con 
duit 26. This brings about a decrease in pres 
sure in the advancing means it of the ram it and 
an increase in pressure in the retracting means 
it thereof and the feeding movement of the said 
ram is reduced. If the rise in pressure in the 
conduit ‘it is rapid, the ram Ml may even retract 
upwardly to disengage the tool from the work. 

If, on the other hand, the load on the spindle 
motor at is light, then there will be a corre 
spondingly low pressure in the conduit t6 and 
the downward movement of the ram it will be 
increased. ~ 

If at any time it is desired to halt the rotation 
of the motor 20, the valve 48 may be moved into 
its closed position to interrupt the supply of 
pressure ?uid to the said motor. Should it be 
desired to reciprocate the ram i4 manually in 
order initially to position the tool relative to the 
work, or to retract the tool from the work, the - 
valve member 52 of the’ valve 50 is movedinto its 
right-hand position whereupon the pressure con 
duit 46 is connected with the conduit 14 and the 
conduits 54 and 50 are closed off from the con 
duits 46 and 5B. Thereafter, in the customary 
manner, the reversing valve 68 may be actuated 
to drive the motor l4 in the desired direction. 

It will be seen that the circuit described above 
provides for an automatic control of the said re 
turn of the feed motor, that the spindle speed is 
selectively adjustable to the desired speed, and 
that excessive loads on the spindle motor are ac 
companied by an immediate reduction in feed 
rate or a retraction oi’ the tool from the work. 
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Structural arrangement of the second _ 
embodiment , 

In Figure 3 there is shown a lathe type machine 
tool having a bed I88 having a headstock I82 in 
cluding the rotatable spindle I84 which is pow 
ered by the rotary ?uid motor I88. Slidably 
mounted on the bulls a carriage I88 adapted for 
mounting the cutting tool no in the usual man 
ner, and being driven in reciprocation by the 
screw II2 which is powered by the rotary feed 
motor H4. 1 ° 
The spindle motor I82 has connected therewith 

the supply and return conduits I I8 and I I8 which 
lead to the service ports oi a reversing valve I28 
which is shiftable selectively to connect either 
of the said service ports with the pressure line‘ 
I22 while connecting the other 01' the said service 
ports with the exhaust conduit I24. 
The conduit I22 receives pressure ?uid from the 

source I28 which is variable, as in the case of the 
?uid source 88 of the ?rst embodiment, by a spring 
at I28. the action of which is opposed by the 
pressure responsive means at I88. The conduit 
I24 discharges to the tank I82 through a choke 
valve I34, the inlet of 

motor II4 likewise has supply and return con 
duits I88 and I38 which are connected with the 
service ports of a reversing valve I48 to which 
pressure ?uid is suppliedby a conduit I42 leading 
to a ?uid source I44. The reversing valve I48 
also has an exhaust conduit I48 connected there 
with which leads to the inlet port of a- metering 
or variable restrictor valve I48. The discharge 
port of the valve I48 is connected with the inlet 

charges into a tank I52. 7 
Within the valve I48 is a valve member‘ I54 

movable for varying the restriction offered by the 
There is a spring I58 which contin 

uously urges the valve toward a position 0! lesser 
restriction and which is assisted in its action by 
a larger operating area at I58, .and opposseod in its 

I . The 

area at I88 is connected by a conduit I82 to re 
ceive ?uid from the 
I28. 

It will 
on the inlet side of the spindle 

motor I 88. The operatlngarea I58 is connected 
by a conduit I84 with the inlet of a choke valve 
I84 to receive pressure ?uid therefrom and it will 
also be apparent that this pressure is always that 
which is on the discharge side of the spindle 

' motor I88. 
The delivery of the ?uid source I44 may be 

controlled in response to the pressure in the con 
duit I48, as by the ?uid pressure responsive means 
I88 associated with the said source, if desired. 

Operation of the second embodiment 

‘ which is connected with the . 

.?uid pressure responsive means I88. The feed 

be apparent that this pressure is always 

10 
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the restrictor valves 

"6 
of the spring I28 and pressure responsive means 
I88 to the pressure created thereby. ' 
The rate of speed oi the feed motor II4 will be 

determined by the rate of ?uid ?ow therethrough 
which, in turn, is determined by the settings of 

I48 and I58. Restrictor 
valve I58 is pre-set to determine the desirable 
rate of feed of the tool into the work, and the 
restrictor valve I48_is automatically responsive 
to the pressure difference standing across the 
spindle motor I88. . a 
As the pressure‘difference across the said spin 

die motor increases, due ‘either to an increase in 
inlet pressure or a decrease in discharge pressure, 
or both, the valve member I54 will move right 
wardly to increase the throttling action of the 
valve I48 and to reduce the speed of the motor I I4. - 
Similarly, a reduction in the pressure drop across 
the motor I88 will be accompanied by a move 
ment of the valve member I54 to reduce the re 

_ striction of the valve I48 and to permit the feed 

25' 

30 
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valve I58 which. dis- a 

40 

discharge side of the source 

50 

60 

In operation, let it be assumed that the tool I 
II8 has been ‘brought into engagement with the 
workpiece I88 supported by the spindle I84, and 
that the ?uid sources I28 and I44 are delivering 
?uid to their respective motors I88 and H4 in 
the proper directions as determined by the set 
tings of the reversing valves I28 and I48. As in 
the case of the ?uid source '88 and the spindle 
motor,28 oi the ?rst embodiment, the speed of 
operation of the spindle motor I88 is substantial 
ly constant due to the control of the delivery of 
the ?uid source I28 thereto as determined by the 
setting of the choke valve I84 and the operation 

70 

75 

motor II4 to operate at high speed. Thus, the 
speed of the said‘ motor H8 is inversely propor 
tional to the load on the spindle motor I88 and 
operates to maintain the feed of the tool into 
the work at the maximum possible rate. 
For driving the feed motor I I4 independently of 

the spindle, there may be provided a valve I18 
which is connected between the conduit I48 and 
the tank I52 and which bypasses the restrictor 
valves I48 and I58 to permit free discharge from 
the motor II4. By opening the valve I18," the 
exhaust from the motor H4 is conducted freely 
to exhaust and, by manipulation of the reversing 
valve I48 the carriage I88 may be rapidly trav- , 
ersed to any desired position on the bed I88. 
.It will" be seen that the operation of the sec-;. 

ond embodiment of this invention is quite sim 
ilar to that of the ?rst embodiment in that a 
cutting speed can be pre-selected by adjusting 
the speed of the spindle motor, and thereafter 
the feed rate of the tool, into the work will be a 
function of the load encountered by the spindle 
motor. Additionally, an adjustment of the speed 
of the feed can be obtained by adjusting the 
restrictor valve I58. Also, either of the spindle 
or feed motors can be operated independently of 
the others for pre-positioning the tool, for chang 
ing tools and workpiece, etc., as the machine 
operator desires. . I ' 

It will be understood that this invention is 
susceptible tomodi?cation in order to adopt it to 
different usages and conditions and, accordingly, 
it is desired to comprehend such modi?cations 

" within this invention as may fall within the scope 
of the appended claims‘. 

I claim: V ‘ 
1. In combination; a first ?uid motor having 

an inlet and an outlet; a ?uid source connected 
with said iniét; means of maintaining a predeter 
mined minimum pressure at said outlet; a recipro 
cable ram having a larger advancing area and a 
smaller retracting area; means hydraulically con 
necting said advancing area with said outlet and 

'' said retracting area with said inlet; and means 
responsive to variations in'pressure at said out 
let ior varying the delivery of said ?uid source. 

2. In a ?uid operable circuit; a ?uid source of 
variable delivery and a first ?uid motor connected 
in series; means throttling the discharge from 
said ?rst motor to maintain a predetermined. 
pressure at the outlet thereof; means responsive 
to said predetermined pressure for controlling the 
delivery of said source; a reciprocable ram hav 
ing a larger advancing area and a smaller re 
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tractlng area; means hydraulically connecting 
said retracting area with the inlet of said first 
motor and said advancing area with the outlet 
thereof; and valve means selectively movable for 
permitting actuation of said ram by ?uid from 
said source. ‘ ' 

3. In a ?uid operable circuit; a ?uid source of 
- variable delivery and a ?rst ?uid motor connected 
in series; means throttling the discharge from 
said ?rst motor to maintain a‘ predetermined 
pressure at the outlet thereof; means responsive 
to said predetermined pressure for controlling the 
delivery of said source; a reciprocable ram hav— 
ing a larger advancing area and a smaller re 
tracting area; means hydraulically connecting 
said retracting area with the inlet of said ?rst 
motor and said advancing area with the outlet 
thereof; ?rst valve means selectively movable to 
disconnect said advancing and retracting areas 
from said outlet and inlet; and second valve 
means selectively movable for connecting either 
of said advancing or retracting means with said 
?uid source‘ while connecting the other thereof 
with exhaust. 

4'. In a machine tool; a rotary ?uid motor hav 
ing an inlet and an outlet; a'reciprocating ?uid 
motor having a larger advancing area and a 
smaller retracting area and supporting said ro 
tary motor; a ?uid source of variable delivery 
serially connected with said rotary motor; a re 
strictor in the discharge of said rotary motor to 
maintain a predetermined pressure at the outlet 
thereof; means responsive to said pressure for 
controlling the delivery of said source; and means 
hydraulically connecting said outlet with said 
advancing area and said inlet with said restrict 
ing area. ' 

5. In a boring machine; a work'support for 
supporting a workpiece to be bored; a spindle re 
ciprocable toward and from said work support; 
a rotary ?uid motor mounted for driving said 
spindle; a reciprocating ?uid motor having a 
larger advancing area and a smaller retracting 
area mounted for reciprocating said spindle; a 
?uid source serially connected with said rotary 
motor; means to maintain a predetermined dis 
charge pressure at the outlet of said rotary 
motor; means responsive to said discharge pres 
sure for b‘iasing said reciprocating motor in its 
advancing direction; and means responsive to 
the pressure at the inlet of said rotary motor for 
biasing said reciprocating motor in its retract 
ing direction. 

6. In a boring machine; a work support for 
supporting a workpiece to be bored; a spindle 
reciprocabie toward and from said work sup 
port; a rotary ?uid motor mounted for driving 
said spindle; a reciprocating ?uid motor having 
a larger advancing area and a smaller retract 
ing area mounted for reciprocating said spindle; 
a ?uid source serially connected with said rotary 
motor; means to maintain a predetermined dis 
charge pressure at the outlet of said rotary 
motor; means responsive to said discharge pres 
sure for controlling the delivery of said ?uid 
source; means connecting said retracting area 
with the discharge side of said source; and means 
connecting said .advancing area with the dis 
charge side of said rotary motor. 
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8 
7. In combination; a ?rst ?uid motor; a ?rst 

' ?uid source for supplying said ?rst motor; a re 
strictor in the discharge side of said ?rst motor 
for maintaining a pressure at the outlet thereof; 
means responsive to said‘ pressure for controlling 
the rate of delivery of said ?rst source to said 
?rst motor; a second ?uid motor; a second source 
for supplying ?uid to said second motor; a var 
iable restrictor in the discharge line of said 
second motor; and means responsive to increases 
in load on said ?rst motor for moving said re 
strictor toward increased restriction position; 
and to decreases in load on said ?rst motor for 
moving said restrictortoward decreased restric 
tion position. i 

8. In combination; a ?rst ?uid motor and ?uid 
source connected in series; a reversing valve for 
controlling the direction of movement of said ?rst 
motor; means of controlling the delivery from 
saidvfirst source to maintain the speed of said 
?rst motor substantially constant; a second ?uid 
motor and a second ?uid source connected in 
series; a reversing valve for determining the di 
rection of movement of said second motor; a re 
strictor in the discharge line from said second 
motor; and means responsive to increases in 
loads on said ?rst motor for moving said restric 
tor toward increased restriction position and to 
decreases in loads on said ?rst motorior moving 
said restrictor toward decreased restriction 
position. 

9. In combination; a ?rst ?uid motor and ?uid 
source connected in series; a reversing valve for 
controlling the direction of movement of said 
?rst motor; means of controlling the delivery 
from said ?rst source to maintain the speed of 
said ?rst motor substantially constant; a second 
?uid motor and a second ?uid source connected 
in series; a reversing valve for determining the 
direction of movement of said second motor; a 
restrictor in the discharge line from said second 
motor; means responsive to increases in loads on 
said ?rst motor for moving said restrictor toward 
increased restriction position and to decreases in 
loads on said ?rst motor for moving said restric 
tor toward decreased restriction position; and 
valve means selectively movable for bypassing 
said restrictor to permit full speed operation of ~ 
said second motor. 

WARREN R. TUCKER. 
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